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Introduction
Over the period 2002 to 2008, China"s fuel ethanol production has been expanding rapidly and has become the third largest producer in the world. In 2008, the fuel ethanol production reached 1.58 MMT, with the growth of 13% over the previous year (Table 1) . Chinese government plans for renewable energy generation to meet 15% of the country"s growing demand for energy by 2020. According to China"s medium-to long-term renewable energy development plan (2020) ( Table 2) , the fuel ethanol production will achieve an output of 10 million tons. Significantly, growth of fuel ethanol production has affected food supply and prices, thereby exert pressure on many developing countries and poor households (de Gorter and Just) [4] . However, although it is a dilemma of food crisis and price increase, some surveys show positively that corn-based fuel ethanol production brought increased demand for 4.12 million tons of grain, increased farmers" income by 5 billion RMB, and, from 2002 to 2006, saved annual costs of 332 million RMB and 2.3 billion RMB respectively in government warehousing and construction, according to China Chemical News [5] . There are an increasing number of studies on the welfare effects of fuel ethanol expansion. Babcock [1] evaluated the welfare impacts of ethanol policies. He found out that the U.S. ethanol policy brought a large welfare transfer from taxpayers and non-ethanol corn users to corn producers, fuel blenders, and ethanol producers, as well as large associated net welfare loss. Gallagher et al. [8] analyzed the implications of a renewable fuel mandate of 5 billion gallons of ethanol as a fuel additive with a conjunction of national MTBE ban on social welfare. They found out that social welfare decreased by 6% without taking environmental benefits into account. Gardner [9] concluded in his study that ethanol subsidies have a greater net welfare effect than government commodity program outlays. Lasco and Khanna [14] developed a stylized model of fuel markets to analyze the impact of ethanol policy on social welfare. Their analysis shows that the combined subsidy and tariff policy decreases welfare by about $3.6 billion relative to a non intervention policy. Martinez-Gonzalez et al. [16] used a partial equilibrium trade model and a back-of-envelope formula to assess welfare effects of distortions in the ethanol market. This study shows that trade liberalization results in decline in the surplus of corn farmers, ethanol producers, and ethanol consumers. In addition, fuel ethanol is widely recognized as an economic stimulus. Hausmann [10] viewed fuel ethanol as being net positive for growth and development, particularly in developing countries. Dixon et al. [6] used a dynamic CGE model called USAGE to investigate the economy wide implications of an ethanol policy. It is concluded that fuel ethanol development benefits to the United States" economy including the increase in employment and export prices.
The objective of this study is to conduct an economic analysis to assess welfare and economic impacts of grain-based fuel ethanol development in China. In this study, we perform simulations based on China"s fuel ethanol policy using the static computable general equilibrium (CGE) model.
Methodology
Fuel ethanol development affects not only industries but also farmers, the well-being of consumers, balance of trade, and the government budget. Understanding the impacts of fuel ethanol on the overall economy requires a modeling framework which accounts for all the feedback mechanisms between fuel ethanol and other markets. A computable general equilibrium (CGE) analysis would be one of the best techniques to assess the above effects (Sadoulet and de Janvry) [20] .
The CGE model, based on the general equilibrium theory of Walras [23] , uses a series of equations to describe interactions among different elements and agents in the regional or national macro-economy. The first study in which the CGE model was adopted for energy was by Hudson and Jorgenson [11] , it projected economic activity and energy utilization for the period 1975 to 2000. Since then, some studies have been focused on energy/environment: analysis of marginal costs and co-benefits of energy efficiency investment by Jakob [12] ; the results from energy prices changing by Klepper et al [13] ; and the effects of investment growth in the energy sectors in western areas of China on the local economy and emission of carbon dioxide by Lu et al [15] . During this period, there have been some studies on the Interactions among energy, automobile and environment development, such as an analysis of the market damage caused by the automobile-related carbon tax by Muto et al [17] and an evaluation of the automobile and environmental policy by Tokunaga et al [22] .
With the emergence of bio-fuel, the CGE model has been used to assess bio-fuel policy, especially in Brazil, America, and European countries. Perry [19] used the CGE model to assess the impact of biomass production on food and land markets. Channing et al [3] evaluated the implications of largescale investment in bio-fuels for growth and income distribution. Doumax [7] adopted the CGE model to assess the economic impact of bio-fuels on global economy.
This study adopts the CGE model to assess welfare and economic impact of grain-based fuel ethanol in China at the national economy level.
The rest of the paper is organized as follows. "The Model" section introduces the general framework of the model. The "Model Results" section describes the impacts of grain-based fuel ethanol on social welfare and economic growth under the Chinese government"s policy. Finally, a policy on fuel ethanol is recommended in the "Conclusions" section.
The Model
The model attempts to simulate fuel ethanol policies. The prototype of the model refers to the CGE model of Okiyama and Tokunaga [18] , which we extend with following points. First, in our model, since China is a large trading country, we adopt the large country assumption with endogenous international prices. Second, for the consumption phase, the model includes two types of households, rural and urban. Third, keeping in mind our study"s objective, the CPI was added to our model in order to measure the food price crisis.
Model Structure
The SAM (Social Accounting Matrix) related to grain-based fuel ethanol was created based on the 2002 input-output table of China for the CGE model. Our model includes 6 blocks: production, trade, households, government, savings and investment, and market equilibrium.At the production stage, a two-stage nest is used to describe production behavior. The Leontief production function and the CES production technique are used to establish the demand function of intermediate inputs and agricultural labor, nonagricultural labor, and capital inputs.
For the trade block, we use the CET technique to describe the distribution of output between domestic and foreign markets, and the Armington function to explain the imperfect substitution between domestic products and imports. Since this model adopts the large country assumption, the international prices containing international import and export prices are endogenous.
For the household block, third-stage nested CES functions are used to characterize households" behaviors for maximizing total household utility subject to budget constraints. On the first level, disposable income is allocated to consumption and savings. On the second level, total consumption is distributed to composite commodities, automobiles, and fuels. On the third level, total fuel consumption is assigned to fossil fuel and grain-based fuel ethanol.
In the model, government saving is given at a fixed rate; investment is endogenous and equal to total savings; thus, the model has neoclassical closure. The numeraire of the model is given to fix the domestic price of insurance and financials.
Parameter Calibration
The parameters in the model include exogenous and endogenous parameters. We estimated three exogenous parameters using the CES functions, as shown in Table 3 . The elasticity of substitution between fossil fuel and fuel ethanol refers to the research by Birur [2] . The value given for China in the study by Birur et al is 2. However, by sensitivity analysis, we obtained the most stable value for Table 4 ). 
Model Results

Description of Scenarios
The scenarios of grain-based fuel ethanol expansion are based on China"s renewable energy policy. According to China"s Medium to Long-term Renewable Energy Development Plan (2020) ( Table 2) , we use two simulation scenarios: case 1, where the production of grain-based fuel ethanol increases to 2 million tons, which is the planned target for 2010; and case 2, where the output of grain-based fuel ethanol reaches 10 million tons, which is the goal for 2020. A baseline scenario was run where grainbased fuel ethanol production was 300,000 tons. Table 5 shows variations in major macroeconomic indices caused by the production of grainbased fuel ethanol increasing to 2 million tons and 10 million tons. As shown in Table 5 , excessive expansion of grain-based fuel ethanol production has negative effects on social welfare and exchange rates. When the production increases from 2 million tons to 10 million tons, total absorption, GDP, total consumption by households and government, total investment, total export, and total import continue to grow rapidly. However, because of lack of arable land and agricultural technology constraints, grain supply cannot satisfy industrial and domestic food demands. Imbalance between grain supply and demand leads to other commodities price increases and CPI growth. For rapidly rising prices and slowly growing income, residents will reduce consumption expenditure, resulting in social welfare decrease. Therefore, within the permitted conditions of available arable land and agricultural technology, designedly and gradually extending grain-based fuel ethanol enables the achievement of a win-win outcome for both the national economy and the people"s livelihood.
Results of the Simulation Analysis
Elasticity of Substitution for CET Function
As we know, the exchange rates are related to international trade. If the production increases to 2 million tons and 10 million tons, trade surpluses descend to 418055.183 million RMB and 416260.269 million RMB from 418227 million RMB of the base year. This means that trade surpluses decline by 0.041% and 0.47%, which are the same as the variations in the exchange rate. Table 6 describes variations in the effects on urban and rural households induced by the production of grain-based fuel ethanol rising to 2 million tons and 10 million tons. Results show that expansion of grain-based fuel ethanol has positive effects on rural households, including income increase, and accordingly, a rise in consumption and savings, with rural household welfare rising over time. In contrast, urban residents experience negative effects. Since increasing fuel ethanol production boosts grain output and stimulates higher prices of agricultural products, farmers" income and consumption are improved; thus, the welfare of rural households increases. Table 7 illustrates variations of labor and capital inputs indices when 2 million tons and 10 million tons of fuel ethanol production are achieved in cases 1 and 2, respectively.
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Equilibrium Framework Jianping GE, Yalin LEI As shown in Table 7 , with grain production expanding, demand for agricultural labor increases. However, the original agricultural labor supply cannot meet the rapid growth of demand, and this leads to rising wages for agricultural labor, promotes labor mobility, and decreases the urban-rural income gap. Compared with the agricultural labor market, urban workers face the problem of reductions in wages and revenue. Consequently, some urban laborers will move to work in the grain production sector.
Sensitivity Analysis
Because this model is used to analyze the effect of fuel ethanol development, the elasticity of substitution between fossil fuel and fuel ethanol is crucial Moreover, because the elasticities of substitution for the CET function and the Armington function referred to other studies, we conducted sensitivity analysis with regard to these parameters.
First, we chose to fix the wage rate of non-agricultural labor as the numeraire to perform the sensitivity analysis [21] . The elasticity of substitution between fossil fuel and fuel ethanol was assumed in the interval of 0.1-5. After random testing (189 times) with the uniform distribution, we used 2.423 as the most suitable value for the elasticity of substitution between fossil fuel and fuel ethanol in this model. The testing results are given in Table 8 . Subsequently, we again used random testing (184 times) with the uniform distribution for the numeraire of fixing CPI. The elasticities of substitution for the CET function and the Armington function were assumed in the interval of 0.1~10. The testing results are given in Table 9 . The sensitivity analysis shows that the qualitative results are not fundamentally different and the model is stable.
Conclusions
In this study, we assessed the economy-wide effects of expanding grain-based fuel ethanol production on welfare and growth in China with a computable general equilibrium model.
Model results show that if the production of grain-based fuel ethanol increases to 2 million tons, the national economy and total social welfare will be boosted. However, excessive expansion, such as if the production jumps to 10 million tons, will depress total social welfare. In addition, the exchange rate will certainly decline with the production expansion. Other effects of encouraging the production of grain-based fuel ethanol are as follows: an improvement in the disposable income and welfare of rural households and a reduced income gap between rural urban households, and a reduction in the revenue and welfare of urban households.
Based on these conclusions, it can be deduced that reasonable development of grain-based fuel ethanol will accelerate China"s economy, improve rural household income, and mitigate the gap between rich and poor. However, a reasonable alternative plan should be established on the basis of appropriate price fluctuation and no food crisis.
